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We investigate entrainment of gold-rich polymetallic melt into granitic magma during anatexis, a previously unrecognized avenue by which gold can be mobilized to higher crustal levels. The Challenger deposit, situated in the northwest Gawler Craton, South Australia, represents an ideal site for such an investigation. Challenger is the first discovery of a migmatized Archean gold deposit in Australia, thus presenting an opportunity to investigate the behaviour of gold and sulfides during anatexis.
Metamorphism, at ~800°C and 700MPa, resulted in partial melting of the pelitic host rock and the formation of a stromatic migmatite. Garnet was formed via vapor absent melting during peak metamorphism and contains spherical gold-sulfide inclusions, indicating that gold mineralization was present prior to peak metamorphism.
At Challenger, visible gold is restricted to migmatitic leucosomes and melanosomes. Large inclusions (up to 1mm) of gold with co-existing bismuth + Co and Ni rich arsenopyrite [(FeCoNi)AsS] ± pyrrhotite ± maldonite (Au2Bi) ± chalcopyrite are located at grain boundaries and also hosted in quartz, feldspar, cordierite and garnet grains. Propagating along annealed fractures from these large inclusions are trails of micrometric spherical inclusions (<20µm) of gold, bismuth, maldonite, arsenopyrite, pyrrhotite or combinations of these.
Au-Bi phase relations show that it is possible for gold to coexist with bismuth as a melt at temperatures as low as 241°C [1] . Our experimental work indicates that As, Fe, Co, Ni and S can exist in a polymetallic melt with gold and bismuth at temperatures consistent with the peak of metamorphism at Challenger. One experiment in particular shows conclusively that a gold rich melt existed during peak metamorphism. A sample from Challenger, rich in gold-sulfide inclusions, was submitted to conditions approximating peak metamorphism in a piston cylinder apparatus, and then quenched. The resulting polished sample showed inclusions with classic quench textures, indicating the presence of a metallic melt. It is estimated that the eutectic for this complex multi-sulfide system will exist at compositions dominated by Bi at temperatures similar to the Au-Bi eutectic.
We therefore suggest that the gold-sulfide inclusions seen in migmatitic leucosomes at Challenger represent the crystallised products of a polymetallic melt. Where bismuth co-existed with gold, pyrrhotite and löllingite, an initial polymetallic melt was produced, prior to peak metamorphism. This polymetallic melt initially remained immobile as the melt:rock ratio was too low for melt migration to occur. When the pelitic host partially melted via vapor absent melting reactions, the melt:rock ratio increased to such an extent that melt migration became possible. Both the polymetallic and silicate melt had similar rheological properties relative to the unmelted residue, and as such were redistributed to form stromatic leucosomes. However, the two were immiscible and remained as separate entities within individual melt accumulations. Increased mobility of the initial polymetallic melt allowed further interaction with unmelted metallic components during melt migration, leading to the incorporation of more components in the melt and the development of a truly heterogeneous polymetallic melt. Crystallisation of the silicate melt left partially molten polymetallic melt as inclusions within the leucosomes, due to the much lower eutectic of the polymetallic melt. Internal overpressure, developed within the polymetallic melt inclusions during isobaric cooling, led to fracture propagation and further melt migration out of the polymetallic melt inclusions. Annealing of these fractures resulted in inclusion trails of closer to eutectic compositions that surround single larger polymetallic inclusions.
Migmatitic leucosomes are cumulates [2], representing remnants of melt that left the system. Two means exist by which gold can be mobilized into the resulting granitic magma. Firstly, silicate melt can accommodate trace amounts of dissolved gold and metal-sulfide [3] . Secondly, because felsic silicate melts are particularly viscous, it is likely that some polymetallic melt would be entrained in any granitic melt that left the system.
We have shown how gold-rich polymetallic melt interacted with silicate melt during anatexis. We believe that this represents one possible avenue by which gold-sulfide mineralization can be mobilized to higher crustal levels. Gold-sulfide mineralization need not be dissolved in a fluid or magma -polymetallic melt may instead be physically entrained within high viscosity magmas. 
